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this network. INs can be defined as networks that are built up by actors which cooperatively engage in the creation of new ideas and then economize the results (Cantner and Graf 2007) . This economization can be realized within an existing firm or by the formation of a new venture. It is assumed that if a new venture is connected to a well-functioning IN, knowledge spillovers may result in new ideas, promoting firm's success. Two data bases are used. First, patent data delivers the innovator network for Thuringia. The second data base contains information on innovative ventures founded in the period between 1990 and 2006, drawn from the register for commercial and private companies in Thuringia. Both data sources were merged by the names of inventors and founders. The analysis is conducted in three steps. First survival analysis explains the relation between a firm's innovativeness and its survival. In a second step, the connection to the innovator network and its influence on a firm's innovativeness is analysed. In the third and last step the differences in chances to survive between innovative and connected firms as compared to innovative and non-connected firms are investigated. The remainder of the paper will proceed as follows. Section 2 provides an overview on the mechanisms that are connecting innovator networks with entrepreneurial success and presents hypotheses based on these considerations. Section 3 is devoted to the description of the database and methods used. In section 4, results are presented and conclusions are provided. Section 5 discusses the paper's.
Innovation, new ventures and the innovator network
In evolutionary economics the emergence and diffusion of innovation is seen as the most important driver of economic change (Pyka 1999) . Economic change in this context means a selection process where firms having competitive advantages as compared to the rest of the industry over time gain market shares while the other firms lose. The resource based view of the firm sees the individual characteristics of a firm as most important resources to gain competitive advantages (Penrose 1959) . One kind of individual characteristic is a firm's knowledge base which is an important prerequisite for innovation. Therefore, in general the ability of a firm to generate innovation is generally seen as a key driver for economic success of firms. This relation has been empirically proven by several authors. Jaffe (1986) was one of the first to empirically show that there is a systematic relationship between firms' patents, profits and market value to the technological position of firms' research programs. In a more recent study, Hall and Bagchi-Sen (2002) show for firms in the Canadian biotech industry that R&D intensity correlates with patent measures, while innovation measured in terms of new product introductions is associated with business performance. To mention one more, Steward Thornhill (2006) has shown that innovative firms are likely to enjoy revenue growth, irrespective of the industry in which they operate and that firm knowledge, industry dynamism and innovation interact in the way they influence firm performance. Based on this reasoning, the first hypothesis is formulated as follows:
Hypothesis 1 -Innovation and survival: Innovative firms have better chances to survive the selection process of the market than non-innovative ones.
As it has been pointed out in the introduction, innovation requires a recombination of different pieces of already existing knowledge (Cantner and Meder 2007) which creates new knowledge. Since these pieces may not be in the immediate reach of a firm (Cowan et al. 2006) , access to external knowledge may be an important prerequisite for innovative success. Therefore, the creation of innovation requires knowledge spillover-producing interaction. Cassia et al. (2009) , as well as Audretsch and Lehmann (2005) , see university-based knowledge spillovers as the most important form of knowledge spillovers. They argue that knowledge from universities flows in the economic system and affects firms' propensity to create new market opportunities and introduce new ideas in the market. Cassia et al. (2009) as well as Audretsch and Lehmann (2005) have shown that a university's knowledge spillovers have a positive influence on firm's growth (measured as sales respectively as number of employees). Besides university-based knowledge spillovers, also spillovers from firmresearchers and employees of research institutes may play an important role since this knowledge may be more applied and ready for the market. As stated above, knowledge spillovers are an important device for the generation of innovations and they are mainly transferred via personal contacts. In their seminal works, Breschi and Lissoni (2006) comprehensively elaborated this process. They argue that pure spillovers can only take place by trade-unrelated personal communication or through reverse engineering (Breschi and Lissoni 2006) . However, when tacitness of knowledge plays a role, knowledge spillovers are not possible anymore without active participation of the inventor. As to the question why inventors should accept to pass information deliberately, Breschi and Lissoni (2006) find the answer in 'social obligations'. University researchers for example obey to the principles of open science and dedicate themselves to the production of public goods. Also corporate researchers may be willing to provide their colleagues with free advice as long as it happens reciprocally. Regarding tacitness as an important characteristic of newly generated knowledge, one could think of knowledge as a club good. Outsiders, defined as actors that are not connected to the social network of innovators, can be excluded from consuming the knowledge while insiders, defined as actors that are connected to the social network of innovators, profit from non-rivalry in the consumption of the shared knowledge. Such a social network can be defined as innovator network (IN) that is built up by actors which cooperatively engage in the creation of new ideas and then economize the results in the market -either within an existing firm or by the formation of a new venture (Cantner and Graf 2007, Balconi et al. 2004) . Innovative actors building the IN are employees of firms, of research institutes or of universities, students or self-employed persons who actively conduct research. These research oriented relationships indicate knowledge transfers and exchanges respectively knowledge spillovers which forms the basis for new ideas facilitated by the recombination of existing knowledge (Edwards and Gordon 1984) . However, its not just their innovative effort which brings them together. Moreover, they get into contact by different means. They may of cause be partners in formal research cooperations between several firms. Additionally, they may be former colleagues, thus innovator mobility may play a role. It can also not be excluded that they may know each other from playing tennis in the same sports club, eating in the same restaurant or from bringing their little ones to the same nursery. For a firm that employs an actor who is socially connected to the innovator network, the connection to the IN promotes the expansion of its knowledge base and its potential to innovate. Consequently an actor who is connected to the IN can provide an important prerequisite for the generation of innovations and therefore it may serve as an important facilitating device for long term firm survival of a firm (Thornhill 2006 In order to test hypotheses 1 to 3, a biographical firm database has been created which will be presented in the following section.
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Database and variables
Database
The analysis in this paper aims at finding out whether the social connection to the innovator network influences firms' survival. To answer this question a biographical firm dataset has been constructed based upon two data bases. The first one is data on incorporations of enterprises in Thuringia which is based on the commercial register and the second one is patent data comprising all German patents applied for at the German Patent Office in the time period between 1993 and 2004.
Incorporations
Information on new ventures was collected by the Thuringian Founder Study 1 . The data base was drawn from the commercial register for commercial and private companies in Thuringia and contains information on the founders (date of birth, name, surname, academic title, address, gender) and on the firms (date of founding, date of closing, trade name, location, legal form, spin-off or not, industry). The survey population consists of 12505 founders whose 7016 companies were founded between 1990 and 2006 and are either active or have failed meanwhile. After cleaning the data (exclusion of firms founded before 1993 since the German reunification came with a phase of many management buyouts of former state combines, exclusion of firms where the founding date was missing, extraction of only those firms that are active in innovative industries following the classification of Grupp et al. (2000) ) a population of 4568 companies is left for investigation.
Innovator Network
Per definition, the innovator network comprises persons who cooperatively engage in the creation of new ideas and then economize the results (Cantner and Graf 2007) . Both aspects have to be elaborated further. First, to be cooperatively engaged in the creation of new ideas does not necessarily mean being involved in active research cooperation. Rather it means that people may also be in the same sports club, meet each other in the same bars or restaurants, are former colleagues, have met on a conference/trade fair or take their little ones to the same nursery. The pivotal role in this respect comes to the fact that people are in contact. Also in a bar or in a sports club people talk about their jobs. Besides private information, they exchange information on what they are working on, what some colleagues of them are doing, what they have read about or what projects they are working on. This information must not be specifically related to innovative activities but at least these contacts lead to know-who respectively knowledge of who may be able to help you solving a certain problem. The underlying assumption of our approach is that a firm which is founded by one or more persons has access to the social capital of exactly these contacts they bring with. If it's not new influences for innovative activities, then this social capital at least helps to find an appropriate contact person for solving (also technical) problems. Of cause, it would also be possible to find appropriate contact persons at the internet but face-to-face contacts and personal acquaintances are an important feature since members of social networks who personally know each other tend to exchange more information, help or advice (Breschi and Lissoni 2006) . Measuring these kinds of relationships of cause is impossible. In order to picture the innovator network, at least in the form of linkages that arise from the participation in a common team of inventors, we use patent data. In the same line of thinking as Breschi and Lissoni (2006) , we assume that inventors who worked together on the same patent know each other well enough to be willing to exchange information and to tolerate that this information may be passed on to somebody else than the receiver. Since those networks include members of various companies, circulation of knowledge across companies can be expected. Second, there is the aspect of economization. This aspect restricts the network to those persons who develop new products or processes for their own firm or for their employer. They may be researchers, technologists or engineers whose aim is to create marketable ideas respectively innovations. Of cause, if we measure patent networks, we do not know whether these patents will end in a new product or process and there is no information available about how the invention has been pursued. However, since a patent application protects the knowledge from usage by other actors, it signals an intention to further use it for example in order to generate an innovation which per definition is the economization new ideas.
For this study, the inventor network of Thuringia has been constructed by including all patent applications to the German Patent Office between 1993 and 2004 on which at least one Thuringian inventor (the assignment was made by postal codes of inventors' address) was listed. The resulting data base contains information on 6,969 inventors (name, surname, address) and 5,381 patent applications (IPC-Code, name and address of the applicant, application date and year). The number of inventors results after checking raw data for misspelling of personal names. Using this data set, the one-mode affiliation network of inventors, where the connection is based upon co-inventions, could be constructed. The information resulting from an analysis of the network of inventors can be effectively combined with other sources of information (Balconi et al. 2004 ) -in this case with the firm database.
Combination of both
The combination of information gained from the innovator network with the firm database has been conducted by matching names of firm founders with names of inventors in the innovator network. It must be pointed out that this approach does not come without bias. However, the authors tried to check for addresses and birth dates in order to make the matches more accurate. If one or more founders of a firm are listed as inventor on a patent with an application date later than the date of firm founding, then in a first step, this firm was counted to be innovative. Sure, this assumes something that cannot observed, namely that the founder intends to economically exploit his invention within his own firm rather than selling licences or leaving the exploitation to the applicant. If a firm is identified as being innovative in the sense of having patents, it must not necessarily be connected to the (regional) innovator network. Therefore , in a second step, an attribute dataset has been created, identifying inventors which at the same time have incorporated a firm. Subsequently network analysis has been applied in order to distinguish between connected and isolated inventor-founders. Of cause, if a firm was founded by more than one inventor-founder it is counted to be connected as soon as at least one founder is not isolated.
The information received from the analysis of the innovator network is used in order to create the core variables of the analysis. The variables will be presented in more detail in the following section.
Variables Table 1 reports descriptive statistics for the data base created. Tables 6 and 7 in the appendix show the correlations of the variables on a significance level of 5%. 
Dependent variables
The Survival of a firm is its life span from the year of founding on up to the year of closing in the case the firm failed. Since firms are only observable here until the year 2006, for those firms that lived longer, failure cannot be observed after 2006. The Cox-proportional hazards model which will be described in more detail in chapter 4, accounts for this truncation problem of survival data.
The variable No.Patents counts the number of patents the firm's founder(s) applied for during the life span of the firm. This number ranges between 0 and 47 while the majority of firms (4267 out of 4568) count a zero.
InnoConn is a binary variable indicating whether the founders of innovative firms are connected to the innovator network (InnoConn=1; 192 out of 516 firms with innovative founders either before or after founding the firm) or whether they are isolated notes of the net (InnoConn=0; 324 out of 516 firms with innovative founders either before or after founding the firm). As argued above, the analysis in this paper assumes for young and small firms, that social scientific capital of the founders can be directly translated into social scientific capital of the firm. Since social relations usually do not break up from one year to the other, also the connection of the founder(s) to the network in the years before firm founding as part of the scientific social capital of the firm has been encountered.
Control for regional differences
Of cause the regions differ in regards to their economic environment, the structure of the regional network and other factors which cannot be analysed within this paper. However, in order to cope with this problem and to control for pure regional differences, dummies for the 12 travel to work areas of Thuringia as defined by Granato and Farhauer (2007) have been included.
Independent variables
The variable Innovative is a binary variable, which measures whether the founders of the firm have applied for patents (Innovative=1; 516 out of 4568) or not (Innovative=0; 4052 out of 4568) before and after the firm has been founded. This indicated whether one can consider the firm to be innovative or not.
Connected is a binary variable indicating whether the founders of a firm are connected to the innovator network (Connected=1; 192 out of 516 innovative firms) or whether they are isolated notes of the net (Connected =0; 324 out of 516 innovative firms). As has been argued above, the authors assume for young and small firms, that social scientific capital of the founders can be directly translated into social scientific capital of the firm. Since social relations usually do not break up from one year to the other, also the connection of the founder(s) to the network in the years before firm founding as part of the scientific social capital of the firm has been encountered.
PatExperience is a count variable, indicating how many patents the founders of a respective firm have applied for before founding it. For the 516 innovative firms in the sample, this variable ranges between 0 and 26. For 213 firms, one finds a 0 which means that they have no patenting experience. The founder(s) of the other 303 firms bring along experience in patenting.
Prob(InnoConn) measures the probability of a firm to be connected to the innovator network and at the same time to be innovative (which means that the founders have applied for patents before or after the firms has been founded). This variable becomes zero for all firms that have no connection to innovative activities that might be measurable through patent information. For all the other firms where the founders have shown patenting activities, even before the firm has been founded, it takes a value between 0 and 1.
Control Variables
In order to control for regional differences, dummies for the 12 Thuringian travel-towork areas as defined by Granato and Farhauer (2007) were created. Figure 1 in the appendix illustrates these areas. The probability to be an innovative firm might differ dependent on whether a region is a so called student-region or not. Therefore, the variable ShareStudents measures the share of students in a travel-to-work area compared to the whole population in this area.
The firms in the sample are active in different industrial sectors and of cause the sector plays an important role to for the survivability of a firm. Since this paper is analyzing young firms, it is not only controled for sectors but to also for the economic environment/stage of the sector they are active in. For this purpose, data from the IAB (Institut für Arbeitsmarkt-und Berufsforschung) has been used, which contains the number of firm founding and closing for each industry (Nace 2-digit level) for the years 1976 to 2010. Based on this data, the variable named Meanturb has been constructed, which is measuring the turbulence in the sector the firm is active in for a time span of six years, three years before the firm has been founded and three years afterwards. The turbulence is measured as number of firm founding in a certain sector in the specific years minus the number of firm close downs in the same sector in the same years. From this value, the mean over the six years around the firm founding is estimated and used for analysis.
The variable Capcomp (1 of it is a capital company, 0 otherwise) controls whether the firm is a private company.
Academics measures the number of team member that is holding an academic degree.
Spinoff measures whether the firm is an academic spin-off, which means a spin-off from a university or research institute (Spinoff=1) or not.
No.Founders measures the founding team's size.
Method
Innovation and survival
In order to analyze the role an innovator network plays for the survivability of a young and innovative firm, the analysis in this paper proceeds in three steps. The first step is to identify the relation between innovativeness and survival of a firm. Since in this first step success is measured in terms of survival, Cox's proportional hazards model (1972) is applied. It has been widely recognized that survival as an outcome variable does not come without bias. The problem arises due to non-complete measurements on all 'members' or entities of a random sample (Kaplan and Meier 1958) . For example in medical follow-up studies, contact to some of the individuals will be lost before their death and others will die due to other reasons. Similarly the observation of the lifetime may be ended at a certain point in time, due to the need to get out a report within a reasonable time. In many applications, and this holds also for our investigation, survival may be a subject to right censoring and left truncation (Tsai et al. 1987) . Right-censored cases are study objects whose failure event is not observed. The term "right-censored" implies that the event of interest is to the right of our data point (Kaplan and Meier 1958) . In other words, if the units were to keep on operating, the failure would occur at some time after our data point. Truncation is a source of bias in survival analysis, in which certain objects are ignored and not sampled (Tsai et al. 1987 ). Left-truncation occurs when some subjects are registered at a delayed time. The present database contains firms founded at several points in time. Thus, there is a problem with left-truncation. Also, the event of interest (closure) is not observed for some of our observations, thus the data is right-censored. Cox proportional hazards model (1972) is used since it gives a valid estimate of the survival rate for data sets including right-censored and left truncated cases.
Innovator network and innovative output
After having identified the relation between innovativeness and survival, the analysis is in a second step devoted to the relation between the connection to the innovator network and innovativeness. This means that it is asked whether in the group of innovative firms those with connection to the innovator network are more successful in innovating than the isolated ones. Since the number of patents applied for as our outcome variable is highly skewed to the left with a high number of zeros, negative binomial regression as proposed by Greene (2003) as well as Cameron and Trivedi (1998) is applied.
Innovator network and survival
The third step of the analysis aims at bringing together the first two steps. The authors want to see whether the combination of being innovative and connected to the network influences firm survival. In order to do this, first the factors that explain this aforementioned combination are analysed. This means that special characteristics are regressed on the binary variable InnoConn. Since the outcome variable is binary, logistic regression is applied. The individual coefficient of this regression (the fitted value), reveals for each firm that is at least innovative, the probability to be innovative and connected at the same time based on certain characteristics. This value is stored and in the next step and used as explanatory variable for the survivability of the firm in a cox regression. Table 2 shows the results for the first step of analysis which is devoted to hypothesis 1 stating that innovative firms have better chances to survive the selection process of the market than non-innovative ones. As to the controls, being a capital company (Capcom) reduces the exit hazard whereas being in an industry with higher market turbulences (Meanturb) increases the hazard rate. Models 1-3 differ in the inclusion of regional control variables. Considering all three models, we find that the coefficient for the dummy variable Innovative ranges between 0.64 and 0.76 on a 1-10% significance level. This means that innovative firms have a risk to die in the upcoming period which is only about 70% of the risk for non-innovative firms. Therefore, hypothesis 1 cannot be rejected. 0.000 0.000 0.000 Robust z statistics in parentheses *significant at 10%, **significant at 5%, ***significant at 1%
Empirical Results
Innovation and survival
Innovator Network and innovative output
The second step of analysis is devoted to the second hypothesis which is assuming that innovative firms that are connected to the innovator network show a higher innovation output than isolated ones. The causality, however, appears to remain unclear. It might be the case that firms apply for more patents since they are connected to the innovator network. But it might as well be that the highly innovative firms are connected since they have more patents. The authors do not claim to have an answer to this point here. The models just aim at revealing the connection in the data. The question which direction is the correct one remains unsolved. Table 3 shows the results of the negative binomial regression on the number of patents a firm applied for in four models which differ with respect to the inclusion of control variables. Over all models, the relationship between the connection to the innovator network and the number of patents a firm applies for is significant and positive. Interpreting model 4, one can say that, all the other variables considered being constant, being connected to the innovator network goes hand in hand with a higher difference in the logs of the patent count. Therefore, hypothesis 2 cannot be rejected and it can be assumed that the innovator network has a positive influence on the degree of innovativeness in the group of innovative firms. As to the controls, having a higher share of academics (Academics) in the founding team increases the number of patents.
Innovator network and survival
In order to test hypothesis 3, the authors start by calculating the individual probability of a firm to be innovative and connected to the innovator network at the same time (Prob(InnoConn)). Table 4 shows the logistic regression for this. 0.0851 Robust z statistics in parentheses *significant at 10%, **significant at 5%, ***significant at 1% The probability to be connected and innovative, which can only be calculated if the firm is indeed innovative and connected, depends on the firm's experience in patenting (PatExperience), the number of academics in the team (Academics) , whether the firm is a spin-off (Spinoff) and the share of students among the whole population in the region (ShareStudents). For all firms where, InnoConn is 0, the authors set Prob(InnoConn) to 0 which means that not the fitted but the real value is used in order to explain whether the connection to the innovator network is positively linked to the survivability of firms. Cox proportional hazards model is applied to explain survival with the probability to be connected to the innovator network and innovative as well as some control variables. Table 5 shows the results. 0.000 0.000 0.000 Robust z statistics in parentheses *significant at 10%, **significant at 5%, ***significant at 1% Again, models 1-3 differ simply in the inclusion of control variables. Looking at the main variable of interest, Prob(InnoConn), one can see that a high probability to be innovative and connected to the innovator network reduces the hazard ratio to about 48%. Therefore, hypothesis 3 cannot be rejected and it can be assumed that the connection to the innovator network plays an important role in the explanation of differences in the survival of firms. As to the controls for Capcom and Meanturb the coefficients show up to be equivalent to the ones in table 2.
Discussion and conclusions
The aim of this paper was to show for young firms in innovative industries in how far the connection to the innovator network or in other words, the amount of scientific social capital the firm can make use of, is a hub for its chances to survive the economic selection process. In a first step, the authors looked at the factors that are influencing innovativeness and find the connection to the innovator network to be one of the main ones. However also experience in patenting positively influences whether the founders of the respective firm go on with their patenting activities. Additionally the number of founders with academic background positively influence tendency of a firm to apply for patents. In the next step, the authors looked at the connection between innovativeness, the innovator network and the survivability of firms. The theoretical framework suggested that this relation is positive and that an innovative firm which is connected to the innovator network has more success in gaining competitive advantages through innovation and therefore has better chances to survive. An analysis of 4568 companies in the German state Thuringia indicates that the probability of a firm to be innovative and connected to the innovator network at the same time is positively related to its probability to survive.
Besides the connection to the innovator network, three other factors turn out to be influential for the viability of a young company. First, it was found that capital companies have a reduced hazard ratio as compared to private companies. Secondly, the mean turbulence of the industry the firm is active in for the time span three years before and three years after firm founding is negatively related to the hazard ratio. A high value of turbulence indicates a recently growing sector where there are more company founding's than closings. According to Gort and Klepper's (1982) theory on the diffusion of product innovations (Industry Life Cycle), this industry is in phase II which is the interval from the take-off point of the net entry until the net entry starts to decline drastically. This explains the negative connection which we find for the survival of firms. If a firm is founded in phase II it has to go through phase IV which is a phase of shake out where the net entry becomes negative and where many firms are closed until the market stabilizes. The probability that a firm does not survive this stage is quite high which goes in line with what has been found in the present data. Third, the authors also find that survival differs regionally. With respect to firm's survival and success, location has been identified as one among many critical factors (Heckmann and Schnabel 2005, Storey 1994 ). However, locations differ with respect to their organizations like universities, research institutes, firms or public agencies, as well as with respect to institutional factors like norms and regulations, a qualified labour force or business taxes. Besides these, but related, an important locational factor is the regional innovation system as defined by Cooke et al. (1997) . The network of innovators can be seen as one core element of such an innovation system. However, it may not be irrelevant to which IN a firm is connected. On these terms, various researches have shown that innovative activities are spatially not evenly spread but a rather regionally bounded phenomenon (Asheim and Isaksen 2002) . Already by this unequal distribution innovative performance differs among regional innovation systems (e.g. Porter 1990 , Jaffe et al. 1993 . Moreover, regions differ with respect to the success of their respective firms or with respect to founding rates (e.g. Storey 1994 ). The success of incumbent firms as well as their founding rate is driven by innovation (Nijkamp 2009 , Audretsch and Lehmann 2005 , Brown and Eisenhardt 1997 , Lumpkin and Dess 1996 which in turn is driven by the IN. If regions differ with respect to innovative and firm performance, this may be due to different characteristics of the respective regional innovator networks (RINs). Among those characteristics may be network properties like a high degree of connectedness, a high centrality of single actors or the existence of structural holes. Additionally, one might expect differences occurring due to the characteristics of the knowledge that is flowing in the network. Some regions are highly specialized, thus concentrated on a small number of industries. In these regions, the knowledge flowing through the RIN will also be very specialized and therefore the knowledge bases of the network-actors will have a high degree of overlap. Other regions are more diverse with respect to industries. Consequently, the knowledge flowing through the network is rather diverse and the actors' knowledge bases show a low degree of overlap. These considerations leave lots of space for further research on the connection between network characteristics and firm's success. 
